We have first used valence bond sum method to assign the oxidation state of metal centers in the divalent zinc and cadmium dithiocarbamate complexes and on their adducts. The investigations resulted in an excellent agreement with the formal oxidation state of metal ions in the dithiocarbamate complexes. However, a series of similar investigations on nickel mixed ligand complexes which involve nickel dithiocarbamates and phosphorus donors showed that the calculated oxidation states are far higher than the formal oxidation state of nickel. Hence in order to improve the oxidation state on nickel center, in this study, we report a new valence bond parameter for nickelphosphorus bond as per the procedure described earlier. Using this improved valence bond parameter, we have calculated oxidations states for a series of NiS2P2 chromophoric complexes whose crystal structures have been reported earlier and the formal oxidation state of nickel is observed to be close to +2
INTRODUCTION
Metal complexes have attracted significant attention because they have tremendous potential application in biology and light emitting devices 1, 2 . The use of the valence bond sum (VBS) method in understanding the bonding in metal complexes shows promise 3 . The relation between bond length and bond valence, being a measure of the chemical bond strength and the related valence sum rule, plays a special role in the studies of crystal structure in structural chemistry and atomic microenvironment in coordination chemistry. In a significant number of cases, the information based on VBS analysis is sufficient to make accurate predictions about the real crystal structure of the compound. The chemist wishing to estimate an unknown bond length in a molecule or crystal is confronted with an intimidating array of covalent radii, ionic radii, metallic radii etc., from which to choose 4 . The valence bond method 5, 6 has recently had considerable success in predicting and interpreting bond lengths in 'ionic solids'. As it can be applied to estimate the bond lengths, vice-versa the sum of these bond lengths should give information about the valence of the central ion. The VBS analysis based on the valence bond parameters, Rij(OK/B), Rij(B/OK) (calculated by the method of O' Keefe and Brese) resulted in an excellent agreement with the formal oxidation state of the metal in the divalent zinc and cadmium dithiocarbamte complexes [7] [8] [9] . But in the mixed ligand complexes involving nickel-dithiocarbamates and phosphorus ligands, the VBS values (oxidation states) are higher than the expected formal oxidation state of +2. 10, 11 To improve the VBS tremendously on nickel center in the mixed ligand complexes, the present study is undertaken by using the improved Rij(T) parameter for Ni-P bond which is calculated as per the procedure described earlier by H.H. Thorp 12, 13 .
EXPERIMENTAL

VBS Method
The valence vij of a bond between two atoms i and j is defined so that the sum of all the valences from a given atom i with valence Vi obeys
. The most commonly adopted relationship for the variation of the bond length dij with valence is
Here, 'B' is taken to be a universal constant equal to 0.37. The parameter Rij is the bond valence parameter. The Rij parameters reported by three groups of authors are used in the present calculations. Rij(OK/B) is defined as 15 : 
RESULTS AND DISCUSSION
Rij parameters available in the literature 14, 15 for Ni-S, Ni-N, Ni-P, Ni-O are obtained from a statistical consideration of a very large number of homoleptic extended solid. Use of those Rij values [14] [15] [16] for isolated independent molecules of metallo-organic nature yielded very high VBS values leading to an erroneous conclusion. Use of Rij values determined from homoleptic extended solids in the calculations of VBS for divalent zinc, cadmium and mercury metallo-organic compounds resulted in an excellent agreement with the formal oxidation state of the metal [7] [8] [9] . The observation is a clear case of a more or less ionic interaction prevailing in metallo-organic compounds involving d 10 metal ions. For compounds which involve transition metal ions such as Mo, Mn, Cu, Fe, Ni the agreement of the calculated V, the formal oxidation states always are far higher than their formal oxidation states 12, 13 . The valence bond sums for metal ions in isolated independent metallo-organic molecules agreed well with their formal oxidation by the use of a new set of Rij parameters 12, 13 . H. H. Thorp reported a set of new optimized Rij(T) parameters for Ni +2 -O, Ni +2 -S, Ni +2 -N along with other data derived from isolated model compounds involving such interactions. The use of optimized Rij(T) parameter for Ni-S bond improved the VBS tremendously on the parent bisdithiocarbamates of nickel(II) and the formal oxidation state of nickel is observed to be close to 2.0 17 . A complete survey of the literature till date reveals the fact that no further attempt has been made to provide a new set of improved Rij parameters for Ni-P bond. In this paper, we report the new Rij parameter for Ni-P bond as per the procedure described earlier 12, 13 . On the basis of the improved Rij parameter, the VBS values are calculated for a number of complexes whose crystal structures have been reported earlier. The use of the new Rij(T) parameter for Ni-P bond improved the VBS significantly on the nickel center in NiS2P2chromophores. Valence bond parameter (Rij) values for Ni-S, Ni-P bonds and a representative calculation of VBS are given in Table-1 The valence bond sums (VBS) of nickel complexes are given in Table- 3. The VBS values are higher in chelated phosphine complexes compared to free phosphine analogs. The higher values observed support the fact that the Ni-P bonds are more covalent and the back bonding effects are highly pronounced. Interestingly, the VBS values are significantly greater in the case of 1,2-dppe and 1,3-dppp adducts, which can be attributed to the very strong covalent and the back bonding effects, resulting in a shorter Ni-P bond lengths [18] [19] [20] , which reflect on the VBS values. The complex formation of any metal ion with a multidentate ligand represents a compromise between the steric interactions in the ligand and the steric and electronic requirements of the metal. 21 The valence bond sums (VBS) of the complexes 14 determined form the valence bond parameters 22 account for the valence of the central ion irrespective of the number of bonds and the strength of interactions. nmedtc-= N-methyl, N-ethanoldithiocarbamate anion, pipdtc-= piperidinecarbodithioate anion, padtc-= N,N'-iminodiethylenebis(phthalimide)dithiocarbamate anion, bziprdtc-= benzylisopropyldithiocarbamate anion, dedtc-= diethyldithiocarbamate anion, dipdtc-= diisopropyldithiocarbamate anion, dnpdtc-= di-n-propyldithiocarbamate anion, bzmedtc-= N-benzyl,N-methyldithiocarbamateanion, 4-mpipdtc-= 4-methylpiperazinedithiocarbamate anion, plddtc-= pyrolidinedithiocarbamate anion, PPh3 = triphenylphosphine, dppe = 1,2-bis(diphenylphosphino)ethane, 1,3-dppp = 1,3-bis(diphenylphosphino)propane, 1,4-dppb = 1,4-bis(diphenylphosphino)butane.
CONCLUSION
VBS values are far higher than the formal oxidation state of nickel on NiS2P2 chromphores always. In an attempt to improve the VBS tremendously a new valence bond parameter, Rij(T), is introduced for Ni-P bond and VBS values are calculated for a series of NiS2P2 chromophores and the formal oxidation state of nickel is observed to be close to +2. However, VBS values are significantly greater in the case of
